INTRODUCTION {#sec1-1}
============

Disease, decay and death have always co-existed with life, study of diseases and their treatment must also have been contemporaneous with the dawn of the human intellect.\[[@ref1]\] Inflammation is a complex set of interactions between soluble factors and cells that can arise in any tissue in response to traumatic, infectious, post-ischemic, toxic or autoimmune injuries.\[[@ref2]\] Inflammation is widely recognized to be at the root of a host of serious human diseases from heart disease to diabetes and cancer.\[[@ref3]\] Inflammation can be treated with steroidal and non-steroidal anti-inflammatory drugs (NSAIDs).\[[@ref4]\] NSAIDs are the most widely used classes of medications, accounting for 3% (\~70 million/year) of all prescriptions dispensed in the U.S. Some are available as over the counter drugs. All NSAIDs can cause serious side-effects, including stomach ulcers, gastrointestinal bleeding, kidney failure, heart attacks and strokes. Adverse effects of NSAIDs are responsible for more than 100,000 hospitalizations and more than 16,000 deaths each year.\[[@ref5]\]

Indeed, nearly 25% of today\'s conventional drugs originated directly or indirectly from plants.\[[@ref6][@ref7][@ref8]\] Traditional medicinal plants are also rich sources of new potential drugs for treatment of inflammation.\[[@ref9]\] Since plants have provided many drugs in the past and they remain a rich sources of novel compounds based on nature\'s combinatorial natural products chemistry over millions of years of evolution, they should be continued to be investigated as the source of novel therapeutic agents.\[[@ref10]\]

*Solanum xanthocarpum* Schrad and Wendl. (Solanaceae) is a prickly diffuse bright green perennial herb, commonly known as Yellow Berried Nightshade (*Kaṇṭakāri*), woody at the base, 2-3 m height, found throughout India,\[[@ref11][@ref12]\] mostly in dry places as a weed on roadsides and waste lands.\[[@ref13]\]

It is one of the *daśamūla* and a commonly used drug in Ayurveda. The plant is bitter, acrid, thermogenic, anthelmintic, anti-inflammatory, digestive, carminative, appetizer, stomachic, febrifuge, expectorant, laxative, stimulant, diuretic, rejuvenating, emmenagogue and aphrodisiac.\[[@ref13]\] The plant contains alkaloids, sterols, saponins, flavonoids and their glycosides and also carbohydrates, fatty acids amino acids etc.\[[@ref14]\]

Various activities are reported in the plant viz hepatoprotective,\[[@ref15][@ref16]\] anti-asthmatic,\[[@ref17]\] antidiabetic,\[[@ref18][@ref19]\] antioxidant,\[[@ref12][@ref20][@ref21]\] immunomodulatory,\[[@ref22]\] wound healing,\[[@ref23]\] diuretic,\[[@ref24]\] antispermatogenic,\[[@ref25]\] antifertility, antipyretic, anticancer, anti-allergic,\[[@ref14]\] anthelmintic,\[[@ref12]\] antimicrobial.\[[@ref12][@ref26][@ref27]\] Extract of dried fruits of *S. xanthocarpum* and its combination with extract of dried fruits of *Cassia fistula* are reported to possess anti-inflammatory activity.\[[@ref28]\]

According to the literature review, there is a paucity of scientific data for anti-inflammatory activity of the whole plant. The present research work, therefore, was initiated to investigate the anti-inflammatory activity of ethanol extract of *S. xanthocarpum* whole plant in laboratory animals.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant material {#sec2-1}
--------------

The plant material was collected from the local source in Satara district in Maharashtra state. The plant material was authenticated by Botanical Survey of India (Government of India Ministry of Environment and Forests), Pune.

Chemicals and other material {#sec2-2}
----------------------------

Carrageenan (Thermosil, Fine Chem., India), histamine (Research Lab Fine Chemical, India), distilled water, anesthetic ether (Rachana Ether Pvt. Ltd, India), ethanol, Surgical sutures (Johnson and Honson Ltd., India), Surgical cotton (Mamta Surgical Cotton Industries, India), Soxhlet apparatus, Plethysmometer (Orchid Scientific PLM02, India).

Extracts {#sec2-3}
--------

The collected *S. xanthocarpum* plant material was made into small pieces, shade-dried and coarsely powdered using a pulverizer. The coarse powders were subjected to extraction with ethanol using Soxhlet apparatus. The extracts were collected and evaporated at atmospheric pressure and the last trace of the solvents was removed *in-vacuo*. The prepared extract was used for screening of anti-inflammatory activity.

Experimental animals {#sec2-4}
--------------------

Wistar rats required for the study were obtained from Institute\'s animal house facility. They were housed in polypropylene cages, six animals per cage, in an air-conditioned area at 25 ± 2°C with 10:14 h light and dark cycle at relative humidity of 45-55%. They were given Nutrimix Std. 1020, laboratory animal diet (Nutrivet Life Sciences, Pune) animal feed and Aquaguard-purified water *ad libitum*. The food, but not water was withdrawn 3 h before the experiment.

Approval of the research protocol {#sec2-5}
---------------------------------

The animal experiment was carried out after obtaining the approval of animal experimental protocol by the Institutional Animal Ethical Committee of Jayawantrao Sawant College of Pharmacy and Research, Hadapsar, Pune, constituted as per guidelines of "Committee for Purpose of Control and Supervision of Experimental Animals," India.

Selection of dose and preparation of dosage form for pharmacological screening {#sec2-6}
------------------------------------------------------------------------------

The preliminary doses were selected based on the literature review and results of acute toxicity study. If the literature is devoid of any such reference then the 10 times less dose of lethal dose 50% (LD50) was the maximum dose and subsequent two more ½-log doses below the maximum dose level was selected for the preliminary study. Suitable dosage forms of extract were prepared on the day of the experiment.

Methods {#sec2-7}
-------

### Acute toxicity study {#sec3-1}

The acute oral toxicity (AOT) study of the extract was performed as per the Organization for Economic Co-operation and Development (OECD) guidelines 425 at a limit dose of 2000 mg/kg. Animals were observed individually at least once during the first 30 min after dosing, periodically during the first 24 h (with special attention given during the first 4 h) and daily thereafter, for total 14 days for sign of toxicity and/or mortality if any. The LD50 was calculated by using OECD 425 (AOT) software.

### Carrageenan induced paw edema in rats {#sec3-2}

Male Wistar rats (225-250 g) were not fed food for 12 h with water *ad libitum* before the administration of drugs. Sixty min after the oral administration of a test drug (10, 30 and 100 mg/kg p.o.) vehicle or diclofenac sodium (10 mg/kg p.o.) and each rat was injected with freshly prepared suspension of 0.1 ml of 1% carrageenan into subplantar tissue of the right hind paw. Inflammation was measured plethysmographically using Plethysmometer (Orchid Scientific PLM02), at an interval of ½, 1, 2, 4, 6, 8 and 24 h after carrageenan injection. Change in paw volume was calculated.\[[@ref29]\]

### Histamine induced paw edema in rats {#sec3-3}

Histamine, 0.1 ml of 1% was injected in the sub-plantar region for induction of inflammation in rat paw 1 h after the oral treatment with vehicle, test drug or diclofenac sodium. Inflammation was measured plethysmographically using plethysmometer (Orchid Scientific PLM02), at an interval of 0, ½ and 1 h after histamine injection.\[[@ref30][@ref31]\]

### Cotton pellet induced granuloma in rats {#sec3-4}

Male Wistar rat (225-250 g) were selected and divided into five groups. Food was withheld 12 h before the experiment, with free access to water. The animals were treated with vehicle, test drug (100 mg/kg p.o.) or diclofenac sodium. Anesthesia was induced in animal with anesthetic ether 1 h after giving the first dose. A sterile cotton pellet weighing 20 mg was inserted one in each scapula region of rats by making small subcutaneous incision. The drug administration was continued for 7 days. On 8^th^ day, animals were killed by giving excess anesthesia. The cotton pellets were removed, weighed and kept in a hot air oven at 60°C until the constant weight is achieved. The net dry weight of pellet and the percent change of the granuloma weight were calculated by applying statistical test.\[[@ref29]\] The level of inhibition of granuloma tissue development was calculated using the formula:

\[*T*~c~ − *T*~t~/*T*~c~\] × 100

where *T*~c~ = weight of granuloma tissue of the control group; *T*~t~ = weight of granuloma tissue of treated group.\[[@ref32]\]

Statistical analysis {#sec2-8}
--------------------

The interpretation of the results was performed by applying statistical analysis, which included one-way analysis of variance followed by *post-hoc* Dunnett test, *P* \< 0.05 is considered as statistically significant.

RESULT AND DISCUSSION {#sec1-3}
=====================

Carrageenan induced edema in rat paw {#sec2-9}
------------------------------------

Subcutaneous injection of carrageenan 0.1 ml of 1% solution in the sub-plantar region induced edema in rat paw in the control group. The administration of *S. xanthocarpum* extract (SxE) 10, 30 and 100 mg/kg p.o 1 h before carrageenan didn't show anti-inflammatory activity at any time interval.

Diclofenac sodium showed a decrease in inflammation at all intervals, but significant (*P* \< 0.05) decrease was observed only at 4 h \[[Figure 1](#F1){ref-type="fig"}\].

![Effect of ethanol extract of *Solanum xanthocarpum* on carrageenan induced paw edema in rats](ASL-32-222-g001){#F1}

Histamine induced paw edema in rats {#sec2-10}
-----------------------------------

Administration of histamine subcutaneously in rat paw induced inflammation of paw in the control group. Administration SxE 10, 30 or 100 mg/kg p.o didn't show significant changes in paw volume \[[Figure 2](#F2){ref-type="fig"}\].

![Effect of ethanol extract of *Solanum xanthocarpum* on histamine induced paw edema in rats](ASL-32-222-g002){#F2}

Cotton pellet granuloma in rats {#sec2-11}
-------------------------------

The drug SxE at 100 mg/kg p.o. was able to reduce the inflammatory process of granuloma formation in rats after the treatment period of 7 days in comparison with vehicle \[[Table 1](#T1){ref-type="table"}\]; this was evident from the reduction of both wet and dry weights of the cotton pellets. However, reduction in weight of pallet in both cases was not significant. Treatment with diclofenac sodium (10 mg/kg p.o.) also significantly (*P* \< 0.05) reduced the granuloma.

###### 

Effect of ethanol extract of *S.xanthocarpum* on cotton pellet granuloma in rats

![](ASL-32-222-g003)

DISCUSSION {#sec1-4}
==========

The methods employed to screen these compounds for anti-inflammatory activity may involve transudative, exudative or proliferative phases of the inflammatory reactions.\[[@ref33]\]

The most widely used primary test for screening of anti-inflammatory agents is carrageenan induced edema in the rat hind paw. Vinegar *et al*. (1969)\[[@ref34]\] described carrageenan induced edema in the paw of the rat as a biphasic event, early or first phase and late or second phase. Early phase results from histamine, serotonin and bradykinin liberation while the late phase is associated with the formation of prostaglandins. In addition, neutrophil infiltration, release of free radicals viz hydrogen peroxide, superoxide and hydroxyl radicals from neutrophils play a role in the late phase of carrageenan-induced inflammation. Cyclooxygenase and lipoxygenase enzymes also play roles in the formation of carrageenan-induced edema. The suppression of the first phase may be attributed to inhibition of the release of early mediators, such as histamine and serotonin and action in the second phase may be explained by an inhibition of cyclooxygenase.\[[@ref35]\]

The result of the present study indicates that SxE at 10, 30 and 100 mg/kg was unable to reduce inflammation induced by carrageenan. Diclofenac sodium at 4 h showed a significant decrease in inflammation supporting its well-proven cyclooxygenase pathway inhibition mechanism. Histamine is one of the important inflammation mediators because of its potent vasodilation and vascular permeability actions. Histamine H1 receptors are involved in mediating the inflammation induced by various inflammatory agents.\[[@ref36]\] Histamine induced paw edema is a well-established model to study inflammation and neutrophil infiltration in paw tissue. Several reports have confirmed that histamine alone and in association with chemo-attractants such as platelet activating factor, interleukin 8 and leukotriene B4 is involved in the regulation of neutrophil recruitment.\[[@ref37]\]

In the present study, ethanolic extract of *S. xanthocarpum* showed non-significant changes in the histamine induced paw edema.

Cotton pellet implantation is the most suitable method for studying the efficacy of drugs against proliferative phase of inflammation.\[[@ref33]\] The cotton pellet granuloma method has been widely employed to assess the transudative, exudative and proliferative components of chronic inflammation and is a typical feature of established chronic inflammatory reaction. The fluid absorbed by the pellet greatly influences the wet weight of the granuloma and the dry weight correlates well with the amount of granulomatous tissue formed. In chronic inflammation, monocyte infiltration and fibroblast proliferation take place. This proliferation becomes widespread by the proliferation of small vessels or granuloma. NSAIDs decrease the size of granuloma, which results from cellular reaction by inhibiting granulocyte infiltration/inflammation, preventing generation of collagen fibers and suppressing mucopolysaccharides.\[[@ref38]\] In the present investigation, the SxE 100 mg/kg showed a non-significant decrease in the wet weight and dry weight of the cotton palette granuloma indicating that chronic administration of the drug reduces the proliferation of fibroblast as well as fluid accumulation in chronic inflammation in a weak manner.

In conclusion, ethanol extract of *S. xanthocarpum* on acute oral administration was unable to reduce inflammation induced by carrageenan and histamine; however, on chronic administration it exhibits weak reduction of the granuloma formation suggesting its role in the inhibition of proliferative phase of the inflammation. In Ayurvedic text *S. xanthocarpum* fruits are recommended for the anti-inflammatory activity. It is also scientifically proved that extract of dried fruits of *S. xanthocarpum* possess anti-inflammatory activity at 500 mg/kg p.o.\[[@ref28]\] In the present study whole plant extract was used at the maximum dose 100 mg/kg p.o. which may not be sufficient to produce the anti-inflammatory effect in the acute phase; however in chronic administration, it reduced the proliferative phase of inflammation. The anti-inflammatory activity after chronic administration of SxE is found non-significant, which may be due to the less quantity of chemical constituent present in whole plant as compare to fruits alone. Thus, present study supports the recommendation of fruits instead of whole plant for the treatment of inflammation in traditional medicinal system.
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